The origin of arachnoid cysts is still a matter of debate. Despite the numerous scientific theories, none has been proven yet. In summary, there are four proposed theories regarding the cause of these cysts: 1) a ball-valve mechanism (that is, a possible anatomical communication between the cyst and the subarachnoid space that can act as a one-way valve mechanism responsible for cyst enlargement); 3, 9, 16 2) an osmotic gradient between the intra-and extracystic medium responsible for a gradientdriven fluid transport (note that this theory lacks support given the great compositional similarity between CSF and the cyst's fluid content); 17 3) a malformation (that is, trapped fluid content in cerebral lobe agenesis); 4, 6, 7 and 4) hypersecretive fluid production by cells lining the luminal cyst's wall. 6, 8, [13] [14] [15] 17, 18 Aquaporins act as putative water channels that have offered new insights into the water balance preservation of many anatomical regions in humans, in animals, and in plants and other microorganisms. 1 They compose a family of 13 recognized members, numbered from 0 to 12. 1, 2, 19 They are ubiquitously distributed but preferentially focused in the epithelial lining cells of tissues specialized for water secretion and absorption such as renal tubules and collecting ducts, 1 the blood-brain barrier, and the CSF-blood barrier. 2 In the central nervous system mainly three AQPs have been identified: AQP1 in the choroid plexus, 10, 12 AQP4 in the astrocytic end-feet of the blood-brain barrier, 2 and AQP9, which was first described in tanycytes and glucose-sensitive neurons.
1,2 The structural organization of AQP1 reflects a general feature of the AQP family ( Fig. 1): 2 conformational analysis of the amino acid sequence suggests a six transmembrane-spanning topography for each AQP molecule with cytosolic amino and carboxy termini with three extracellular and two intracellular loops, respectively. The amino acid sequence shows a strong similarity between the two halves of the molecule, indicating a probable evolutionary intergenic duplication. A highly conserved three amino acid motif, NPA, is present in the B and E loops of nearly all AQPs. The NPA motifs are inserted into the membrane. The intracellular B loop and the extracellular E loop fold into the membrane and interact with one another, forming a sort of hourglass characterized by wide external openings to the channel with a narrow central constriction where the NPA motifs interact and form the functional permeable pore. Taking into account the hyper-Arachnoid cysts are frequent incidental findings on neuroimaging studies and in clinical practice. Theories of their origin, still matter for debate, compose four categories: 1) a ball-valve mechanism; 2) an osmotic gradient between the intra-and extracystic medium; 3) primary malformation of the arachnoid membrane or cerebral lobe agenesis; and 4) fluid hypersecretion by the lining cells of the cyst wall. The cause of cyst enlargement is also debatable, although there is strong controversial evidence supporting the last two theories rather than the former. Brain water homeostasis and its regulatory pathways are weakly understood at the molecular level. In this brief report the authors attempt to add new insights into the pathogenesis of arachnoid cysts by considering aquaporin expression in the cyst wall and discuss possible future research directions and molecular targets.
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secretion theory, we tested surgical specimens of normal arachnoid membrane, arachnoid cysts, and arachnoid villi for the expression of AQP1, the second member of the AQP family. We have previously studied APQ1 and found it abundantly expressed in the choroid plexus (Fig. 2) , 10 choroid plexus tumors (Fig. 3) 12 associated with hypersecretive hydrocephalus, and cystic hemangioblastomas. 11 The aim of this preliminary investigation was to describe the anatomical distribution of AQP1 in arachnoidal specimens in an attempt to find new data for the pathophysiological interpretation of arachnoid cyst formation and development.
Materials and Methods
We analyzed six specimens obtained during neurosurgical procedures: two normal arachnoid layers, two specimens of arachnoid cysts, and two arachnoid villi. Tissue specimens were fixed in 10% formaldehyde/0.9% NaCl and embedded in paraffin wax after 24 hours. Part of each specimen was then stained with H & E for diagnostic control. Coronal sections (5 m thick) were collected on polylysine-coated slides and immunostained with a monoclonal antibody against the intracellular C-terminal AQP1 epitope (clone ab9566 1/22, dilution 1:100, Abcam). Immunohistochemical stainings were performed using a sensitive polymer-based detection system (Envision Plus, DakoCytomation). Heat-induced antigen retrieval was performed by incubating the slides for 40 minutes at 98˚C in a water bath and using 7.0 pH citrate buffer. All immunostainings were performed on an automated immunostainer (Dako Autostainer, DakoCytomation).
Results
No AQP1 immunoreactivity was found in the specimen of the normal arachnoid layer, in the arachnoid villus, or in the cells lining the cystic wall (Fig. 4 and 5) .
Discussion
Congenital arachnoid cysts are developmental anomalies and contain clear CSF-like fluid. Arachnoid cysts most likely originate from a minor aberration in the development of the arachnoid that leads to splitting or duplication of the membrane. 4, 6, 7 It has also been postulated that the cyst develops from a defect in condensation of the mesenchyme or from abnormalities of CSF flow. 13, 14, 15, 17, 20 The association of other developmental abnormalities of the brain, such as heterotopias, lent support to this developmental theory. In the 208 reported cases of arachnoid cysts analyzed by Rengachary and colleagues, 14, 15 they found that the structural features of the arachnoid cyst wall that distinguish it from the normal arachnoid membrane were as follows: 1) splitting of the arachnoid membrane at the margin of the cyst; 2) a thick layer of collagen in the cyst wall; 3) the absence of traversing trabecular processes within the cyst; and 4) the presence of hyperplastic arachnoid cells in the cyst wall.
In a study of five cases, Miyagami and Tsubokawa 13 reported that the structure of the arachnoid cyst wall was similar to that of the normal arachnoid membrane and that the inner surface of the arachnoid cyst wall was formed of one or several layers of arachnoid cells with slender processes, which contained large extracellular spaces but no microvilli. These cysts appeared to be truly intraarachnoid in location and to be formed by splitting or duplication of the arachnoid membrane. 14, 15 In a study of nine cases, Schachenmayr and Friede 17 found that the dominant phenomenon in the cyst wall was an absence of the normal trabeculation of the subarachnoid space, the trabeculae being replaced by tightly packed collagen fibrils and a few scattered cells in between. They found no evidence of a tight sealing of the extracellular spaces in the cyst wall.
A number of interesting theories have been proposed to explain the expansion of arachnoid cysts. According to the ball-valve hypothesis, an anatomical fissure of the cyst wall functionally acts as a one-way valve, allowing free entrance of CSF but preventing its exit into the subarachnoid space. One-way pulsatile movement of CSF has been demonstrated by cine-mode magnetic resonance imaging studies and confirmed at endoscopic operations by inspecting the inside of the cyst wall. 16 The theory of an osmotic gradient between cystic contents and CSF lacks support given that the cystic content is similar in composition to CSF. 17 There has been no evidence of either a tight sealing of the extracellular spaces in the cyst wall or an active transcellular fluid movement in some studies. 14, 15 Fluid production by the cells lining the cyst wall is another aspect that has been considered. There is morphological and ultrastructural evidence to support the secretory nature of the cyst wall. Ultrastructurally, the cyst lining cells demonstrate the presence of microvilli on the luminal surface and cytoplasmic vesicles that are consistent with fluid secretion. 8 Moreover, enzyme immunocytochemistry demonstrated Na-K adenosine triphosphatase in the plasma membranes lining the cavity at the luminal side and near the intercellular clefts at the basolateral side, a structural organization consistent with fluid transport toward the lumen. 6 The argument against continuous secretion lay in the fact that cysts often remain static in size and sometimes disappear, thus demonstrating that secretion is neither universal nor likely the only mechanism involved. Schuhmann and colleagues 18 have described choroid plexus ectopia inside a growing arachnoid cyst. Our results seem to put the hypersecretion theory into the right perspective. Considering our previous data, we tested AQP1, which seems to be the most realistic member expressed in this kind of disorder. Given the technical limits of immunohistochemistry, it is impossible to preclude the expression of other members of the AQP family at the subcellular level. There was no staining for AQP1 in the arachnoid villi (Fig. 6) , where CSF absorption occurs, thus offering more evidence for the mechanical theory of CSF pressure gradient absorption and for translation to the ball-valve mechanism of cyst development.
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